This study characterizes the response of canopy CO2 flux (FCO2) and leaf stomatal conductance
1.Introduction
In view of the impacts of future climatic variations on agricultural production in cool temperate regions, there is an increasing demand to maintain those systems sustainable through a continuous assessment of changes in plant growth and productivity imposed by warming (Parry and Carter, 1988) . In this respect, several authors have pointed out the importance of canopy CO2 flux as a significant tool for the quantitative assessment of the impact of environmental changes upon biological processes (Garcia et al., 1990) and for the management of plant growth and agriculture at a regional scale (Hideshima et al., 1997) . However, limited basic information exists detailing the characteristic contribution of climatic factors, in particular temperature and vapor pressure deficit, to the canopy CO2 flux response and growth patterns of major crops cultivated in Hokkaido. In developing warming scenarios for Hokkaido, Yoshino et al. (1988) (Aoki et al., 1996) . The heights of the upper and lower psychrometers above ground level were 2.2m and 0.8m respectively. The system was installed near the center of the potato field. The minimum fetch of this potato field was about 100m. Since this field was surrounded by similar potato cultivation of the same crop height, the fetch was considered enough for measurement by Bowen ratio technique. 2.2.1 Description of sensors and measured variables Canopy CO2 flux and micrometeorological data were collected continuously for 23 consecutive days. Table 1 summarizes the measured variables and their symbols. These included ambient CO2 concentration measured with a CO2 gas analyzer (LI-COR Inc., model LI-6262). Gas samples were collected from two heights of 0.3m and 1.7m above vegetation canopy, the same heights at which the psychrometers were placed, and were first supplied to an air sampling system (METEO electric, model Met-SCI) containing a micro-processor that commands an mechanical valve alternating a 3min switching rotation of intake gas between the upper and lower gas samples. Sample gas was then forced with the same circuit into the CO2 gas analyzer at a rate of 1 litre/ Table1.
Means and standard deviations of the measured environmental variables from8:00 to 15:00h throughout 23 days of field observations (n=351). min. An air pump (REICI, model APN-057R-D2) was used to draw air samples at those two elevations through funnels extended to Teflon tubes (PFA tubes of 6 mm diameter) and connected to the air sampling system and then to the LI-COR analyzer. The CO2 concentration gradients were automatically measured by the air sampling system and averaged into 3min data. The LI-6262 was automatically calibrated every 24 hours using a zero reference gas for the Zero CO2, and a standard gas of known CO2 concentration for the span. Air temperature and relative humidity were obtained from the dry-and wet-bulb temperatures of the psychrometer at 1.7m above canopy. Wind speed above the canopy was measured with an anemometer mounted at the top of the 4m pole (YOUNG, model 05103-16B). Solar radiation was observed with a solarimeter (KIP & ZONEN, model PMC-3) leveled at 1.5m above ground. Soil water moisture was determined from the average of three readings from three tensiometers (KONA system, model KDC-S5) buried at 15cm depth at three different locations near the pole. Soil temperature was the average of two values from two thermistors (KURAMO, model KVC-36) installed at 1cm and 15cm.
In addition soil heat flux and net radiation were measured to compute FCO2. Net radiation (Rn; Wm-2) was determined with a net radiometer (EKO, model MF-40) mounted at 1m above vegetation canopy. Soil heat flux (G; Wm-2) was the average reading of three heat flux plates (EKO, model MF-81) buried at 1cm in the soil.
Soil respiration was measured with a soil respiration chamber for a limited duration and was found to be almost constantly within 5% of FCO2 in the daytime under dense canopy. Although soil respiration is an essential factor to compute net CO2 uptake, in this study we assumed that such a small and stable soil respiration rate has a negligible effect on the behavior of canopy CO2 flux (Sale, 1974) .
Data from the above sensors were scanned every 1 min, averaged every 10min and stored in a data logger (METEO electric, model MET LD-30). All data were then reduced into 30min average values to maintain consistency with the micrometeorological literature (Monteith, 1973) . Only daytime measurements from 8:00h to 15:00h JST were selected for this study. These measurements were checked on a daily basis to detect any failure of sensors that 3 (a) ).
Secondly, the relationship between ƒ¢FCO2 and VPDa was sorted into 6 groups of increasing temperature ( Fig.  3 (b) ). n=number of observations: r2= coefficient of determination: s=standard error of the estimate. *Letters denote the ranges of VPDc and Tc groups in Fig . 4 (a) and Fig. 4 (b) respectively. 1 Effect of the independent variable on dF co2 at the 5 % significant level tested by ANOVA. 
